Background: Subperiosteal abscesses (SPOA) are a complication of acute purulent sinusitis, and their optimal treatment regime is a controversial topic. Some otolaryngologists consider surgery to be mandatory in the treatment of subperiosteal abscesses others advocate that especially paediatric patients can be treated medically in some cases. The purpose of this study was to evaluate our current treatment guidelines for subperiosteal abscesses.
Introduction
A subperiosteal orbital abscess (SPOA) arises from acute sinusitis in particularly acute ethmoiditis where the inflammation spreads through vascular channels or directly through bony de-hiscence in lamina papyracea (1, 2) . It is a disease capable of rapid progression, and both intracranial and orbital extensions can have vital consequences if not treated promptly and adequately. SPOA, as a complication of acute bacterial rhinosinusitis (ABRS), possesses a threat if it is left untreated. It might result in blindness, meningitis, cerebral abscess, and death (3) (4) (5) . Acute viral rhinosinusitis (ARS) is a common occurrence with a prevalence of 6 cases or 15 %. Between 0.5-2.0 % of virus-induced acute rhinosinusitis, cases are complicated by a bacterial infection and of these cases, 3-11 % develop intracranial, osseous, or orbital complications (6, 7) .
In 1970 Chandler et al. (3) described and classified orbital complications derived from ARS (Table 1 ). This classifications system remains the preferred analytic tool for assessing the severity of orbital complications and ensures homogeneity in both research and clinical study. Chandler et al. (3) define an SPOA as a collection of pus between the periorbita and the bony wall of the orbit.
The diagnosis SPOA can be based both on clinical findings and/ or on a contrast-enhanced computed tomography (CECT) or MRI scan. The clinical factors that determine this diagnosis are the deterioration/impairment of extraocular movement, proptosis, periorbital oedema, diplopia, and vision loss (6) . The CECT scan typically shows a hypodense area encapsulated by a thin periosteal contrast-enhanced convex membrane, juxtaposed to a sinus (1, 8) .
Both a typical CECT-scan and the clinical presentation of a SPOA are illustrated in one of our patients with a medially placed SPOA (Figure 1 and 2 ).
There is general agreement regarding the pathogenesis and diagnosis in the literature, but when it comes to treatment, more controversy exists about which treatment strategy to choose.
Some authors forcefully argue that prompt surgery is the correct clinical approach for CECT-confirmed SPOA (9) (10) (11) (12) . Others advocate an initial use of antibiotics and that surgery only should be used if certain criteria are fulfilled (5, (13) (14) (15) . Most articles that are more inclined to surgery in all cases of SPOA are earlier studies (9) (10) (11) , and some authors, still writing on this topic, have changed their approaches to a more conservative one (10, 16, 17) .
In recent years there has been a trend towards not perceiving SPOA as a homogeneous condition but rather dependent on age (1, (16) (17) (18) . This perception is fuelled by bacteriological studies of SPOA cultures, demonstrating a predominance of simple monomicrobial infections with no anaerobic microbes in children under the age of nine (16, 18) . This discovery might be the reason why recent studies have successfully treated medially placed SPOAs in children with an initial course of antibiotics if the child did not show symptoms of advanced SPOA (1, 4, (15) (16) (17) .
There is a growing body of evidence supporting a conservative approach in children with SPOAs. The general recommendation of the European Position Paper on Rhinosinusitis (EPOS) is still that SPOAs should be treated with surgery and adjuvant antibiotics (6) .
This approach is also the recommended clinical practice at the 
Materials and methods

Study design
A retrospective, clinical study was undertaken of all cases that had been admitted at the Department of Otolaryngology, Head & Neck Surgery, Copenhagen University Hospital, Copenhagen, Denmark, on an emergency basis, diagnosed with acute sinogenic orbital complications and treated with surgery between January 1, 2010, until January 1 2016. The study protocol was approved by The Danish Data Protection Agency.
Data collection
The patient charts were identified by searching for the ICD- Patients were excluded if they had a history of facial trauma, craniosynostosis, immunodeficiency, or malignancy. The patients were diagnosed using the Chandler classification (Table 1) .
Patient charts were evaluated for age, gender, and result of All patients underwent a CT or MRI scan before surgery to identify the SPOA and to plan the surgical approach. The scans and the descriptions were reviewed, and the measurements of the SPOA, as well as the location, were identified by a neuroradiologist. Measurement of the SPOA was only recognised as valid in data analysis if a CECT scan was available. The volume of the abscess was calculated using the formula for calculating the volume of an ellipsoid (4/3•π•abc), which best correlates with the abscess shape (19, 20) .
Endoscopic surgery was, in all cases, performed using computer- Recurrence defined as reoperation and sequelae/morbidity was evaluated using electronically updated patient charts.
Physical examination results were only included if performed by the ophthalmologic service.
Statistical analysis
All data were entered into an Excel spreadsheet (Microsoft Corp., Redmond, WA, USA). The data analysis was performed using IMB SPSS Statistics 23.0 software (Statistical Package for Social Sciences, IBM Corp. in Armonk, NY, USA). Independent t-tests were used to compare numeric values. All tests were two-sided and performed at a 5% significance level (p<5%) with 95% confidence intervals.
Results
A total of 31 patients were included in the study. The mean age was no evidence of pus, and in one case out of 31 (3.2 %) the chart did not clarify whether there was pus evident.
The 31 patients underwent a total of 34 surgeries (1.1 mean, range 1-2). In all 31 cases, a CAS-ESS approach was used, and in two cases the surgery was combined with external drainage via an anterior orbitotomy because the abscess in these cases was located superiorly in the orbit.
Abscesses were primarily located in the medial or superior orbit in respective 26/31 (83.9 %) patients and 3/31 (9.7 %) patients. When patients were grouped depending on the number of microorganisms found in surgical cultures, we found a 7.23 years' difference though this was not statistically significant (p=0.41).
The identified microorganisms are listed in Table 3 .
Anaerobic organisms were present in one patient who had a subdural empyema. No Methicillin-resistant Staphylococcus aureus (MRSA) was cultured. All patients received IV antibiotics during hospitalisation ( Table 4 ). 
Discussion
We undertook a retrospective review of 31 patient charts to evaluate the management of sinogenic orbital complications at the Department of Otolaryngology, Head & Neck Surgery and Audiology, Copenhagen University Hospital, Copenhagen, Denmark. Our study showed that the subset of patients referred to our tertiary treatment centre swiftly received surgical treatment for their SPOA when radiographically diagnosed and with a low level of recurrence and morbidity compared to other studies (6, 12) .
Due to our surgical treatment of all CECT-confirmed SPOAs, we can present, to our knowledge, one of the largest retrospective studies of surgically treated SPOA secondary to acute sinusitis.
The question whether surgical drainage is required for all SPOA patients was first put forth by Welsh and Welsh in 1974, and in later years the medical, more conservative approach has gained ground with Harris as its proponent (21, 22) . Harris has advocated since the early 90s that children under the age of nine years should be treated with an initial medical therapy if there is no compromise of vision. Harris' seminal work in bacteriologic studies of SPOAs played a pivotal role in generating the idea of an initial medical approach for young children with SPOA (16, 18, 22) . The idea is based on bacteriological data suggesting that children under nine years of age experience more simple infections, more compliable with medical treatment, due in part to no presence of anaerobes growth (18) . This finding has been constant through a 35-yearlong bacteriologic study of surgically treated SPOAs (17) . In the Liao and Harris' article on the bacteriology of SPOAs they point out that the bacteriology of medically treated SPOAs is unknown (17) . Since we operate all CT confirmed SPOAs, we can present a complete bacteriologic description, though limited by negative culture results. In line with Liao and
Harris, we found no anaerobe cultures in patients under the age of nine (17) . Like Harris, and later Brown et al., we found a trend towards an increasing number of pathogens with increasing age suggesting more complex infections with increasing age (17, 23) . (17, 24) .
In contrast to other retrospective studies, we did not perceive certain skin flora as positive culture yields but disregarded them as contamination (4, 20, 25) . Of the six positively identified Staphylococcus aureus cultures, three were found in endoscopically obtained sinus cultures not concordant with the yield from the abscess cultures, begging the question whether the Staphylococcus aureus in these cases reflect nasal contamination. In the American literature, MRSA has become an increasing therapeutic issue (17, 24) . In our study, we did no identify MRSA.
As of Clindamycin to cover the anaerobe component possible in older patients (18) . As an alternative, he suggests Amoxicillin with Clavulanic acid. This antibiotic regime, except the recommenda-tion of Clindamycin, is much in line what a recently published article on orbital complications due to sinusitis recommends (10, 12) . The recommended duration of IV-treatments are scarcely examined, and the duration recommendations range widely between studies (from 10 days to 3 days) (15, 26) . The recommendation of a recently published article designed to answer this question reports a mean IV-treatment duration of 4 days but concludes that the clinical judgement id based on initial CT findings and the evolving signs, symptoms, and laboratory profile, not to be superseded by a fixed notion of mandatory IV-duration (10) .
In our study, we did not identify pus in the possible subperi- (23) . Other studies suggest that the decision to perform surgery in SPOA patients cannot rely solely on a CECT description, but remains a clinical decision (4, 25, 27) . The challenge of fitting all our patients into Chandler's classification system maybe because it was not based on CECT findings and, therefore, radiographic documentation does not suffice in the SPOA diagnosis (28) . This problem of classification has been pointed out previously because although CECT imaging suggests a likelihood of an abscess, it does not unequivocally differentiate between an abscess and a phlegmon, especially when the fluid collection is small (15, 25, 26) . Because a phlegmon is believed to be responsive to antibiotic treatment, ophthalmological examination and CECTmeasurements have been used to determine better appropriate surgical candidates (15) .
In our study, we found mean CECT abscess measurements of AP 26.6 mm, SS 7.8 mm, CC 16.2 mm, and volume 1.79 mL.
Comparing our average CT measurements to the radiography operational criteria outlined in other studies, a satisfying correlation was found (4, 19, 25, 29) . Since we performed endoscopic surgery on all patients with CT confirmed SPOA, we were able to perform a comparative analysis of SPOA patients. The patients were grouped, depending on whether an abscess was identified in the subperiosteal space during surgery. We found a difference in mean volume of 0.83 mL (1.97 mL -1.14 mL, p=0.047). This finding supports the natural logic that the bigger the volume, the more likely it is to be an abscess. The reason behind the relatively large number of false-positive identifications an of SPOA using CT-imaging most likely is that it represents phlegmon inflammation (26) . In line with our study, Tabarino et al. concluded in a retrospective study of 32 patients diagnosed with SPOA that all abscesses with a volume greater than 0.5 mL were operated upon (29) . Gavriel et al. also concluded that abscesses with larger volumes than 0.5 mL should be candidates for surgical interven-tion (19) .
Consequently, we do not wish to operate when no abscess is present because medial phlegmon is believed to be susceptible to medical therapy (26) . We did not find a statistical difference in SS, CC, or AP measurements when grouped by intraoperatively identified pus in the subperiosteal space. Other studies have examined CT measurements and established a correlation between these parameters and whether to operate. Ryan et al.
found that the majority of small abscesses less than 10 mm in SS measurement, in patients less than 6 years of age could be managed medically (25) . Oxford et al. identified a significant difference in abscess width between medically and surgically treated patients (2.5 -14 mm, p<0.001) (4) .
Abscess relation in the orbit has often been spoken of both concerning surgical approach and when assessing the risk of intracranial extension. Consequently, urgent drainage of nonmedial abscesses is, therefore, recommended by several authors (1, 10, 20, 22, 27) . Superior and inferior abscesses are not as easily assessed by the endoscopic approach, but rather a combined approach must be considered. A simple external approach without endoscopic surgery leaves the nidus of infection behind to make a possible re-accumulation of the abscess and, thus, the need for recurrent surgery (30) .
Besides the CECT criteria to determine the medical versus surgical approach, an ophthalmologic examination is essential.
Twenty-one of 31 (67.7 %) patients had such an examination performed by the ophthalmologic service before surgery. In some patient charts, it was argued that visual compromise was present, identified by the ENT surgeon, and the delay of the surgery due to further examination was ill-advised. Other charts did not clarify why an ophthalmologic examination was not ordered. Since no medically treated group is present in this study, a comparative analysis is not possible. If medical treatment is considered, the importance of ophthalmologic examination results is crucial (4) . Several studies executed in ophthalmologic departments have taken the use of such criteria to group patients in surgical or medical treatment groups (1, 4, 5, 16, 20, 23) . A prospective study by Garcia and Harris proposed that surgical intervention was indicated if visual loss or afferent pupillary defect should be detected at any point (16) . Oxford et al. define a set of more rigorous criteria for medical management including normal pupil, vision, retina, no diplopia, intraocular pressure < 20 mm Hg, proptosis of 5 mm or less, and a width of abscess on CT of less than 4 mm (4) . These criteria are postulated after a retrospective analysis and as such, must be evaluated with caution. Despite the retrospective nature of the studies on the subject of SPOAs, numerous articles agree that visual compromise is an exclusionary medical criterion (4, 15, 22, 25, 27) . 
Conclusions
We found the endoscopic drainage of SPOA to be an acceptable, safe and effective treatment strategy when executed in trained surgical hands, which is substantiated by low surgical failure and morbidity rates. Even though endoscopic drainage is deemed a relatively safe method of treatment, an aspect of overtreatment must be considered if surgical drainage of all SPOA patients is chosen. We found CT measurements of the SPOA's volume to be of statistical significance in determining whether an SPOA is present.
As it is difficult to estimate the causal effects in retrospective studies, the next step should be to construct a prospective randomised study with a control group where the medical treatment of sinogenic SPOAs in a subset of patients are examined versus surgical.
